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(2) $- \nabla\cdot\rho_{0}v_{o}arrow=\frac{\partial}{\partial t}(\phi\rho_{0}S_{o})$
(3) $- \nabla\cdot\rho_{w}.v_{w}=_{-}arrow\frac{\partial}{\partial t}(\phi\rho_{w}S_{w})$
(4) $arrow_{\circ}v=-\frac{r_{\iota k_{\text{ }}}}{\mu_{\text{ }}}(\nabla p_{0}-\rho_{0^{arrow}}g)$
(5) $v_{w} arrow=-\frac{A^{\nearrow}k_{w}}{\mu_{w}}(\nabla^{arrow}p_{w}-\rho_{w}g)$
(6) $p_{\text{ }}-p_{w}=p_{c}$
, $S;=S_{i}(x, t)$ , $arrow v_{t}=arrow v;(x, t))$ $p;=p;(x, t)$ $(i=0, w)$
, , $i$ , ( ) , (
) , $0$ , $w$
,
$arrow v_{i}=\frac{1}{vol(\triangle V)}\int_{\Delta V’}.v_{\dot{t}}dxarrow$
,
, $\triangle V$ , $\triangle V’$ $\triangle V$




$\rho_{\dot{t}}$ , $\mu_{i}$ , $i$ , , ,
$\phi=\phi(x)$ , (porosity) ,
, $\phi=0.37\sim 0.50$ ,
2
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$\phi=0.02\sim 0.07$ $K=K(x)$ (absolute
permeability) , $($ $)^{2}$ ,
, $K=2.0\cross 10^{-76}\sim 1.8\cross 10^{\urcorner}cm^{2}$ , [1]
, , $\phi$ $K$
$k$ $=k_{o}(S_{w}),$ $k_{w}=k_{w}(S_{w})$ , $i$
(relative permeablity) , 2
, $S_{w}$ , $0$
, , $k_{o}$ ,
$k_{w}$ S , (1) , $S_{w}$
[5] , , $k_{w}(S_{w})=S_{w}^{2}$ , $k_{o}(S_{w})=(1-S_{w})^{2}$
$p_{c}=p_{c}(S_{w})$ 2 (capillary pressure) ,
3 , $arrow g$
$S*tAorro\hslash\epsilon-\epsilon-$
2 $k_{w},$ $k_{o}[3]$ 3 $p_{c}[3]$
(1) ,




, , (1) $-(6)$ ,
(7) $S_{t}+ \nabla\cdot[varrow f]+\nabla\cdot[f\frac{k_{o}}{\mu}\nabla p_{c}]=0$
(8) $\nabla\cdotarrow v=0$
(9) $arrow v=arrow[\lambda\nabla p+\frac{k_{o}}{\mu}\nabla p_{c}]$
3
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, $S=S_{w)}$ $arrow v=arrow_{Q’}v+arrow_{\psi}v,$ . $p=$
, $x$ $t$ ,
$\lambda=\lambda(S)=k_{w}(S)+k_{o}(S)/\mu$ , $\mu=\mu_{\text{ }}/\mu_{w}$
$f=f(S)=k_{w}(S)/\lambda(S)$ ,
$f(S)$ $\lambda(S)$ 4 5
4 $f(S)$
5 $\lambda(S)$
, 1 (7) $-(9)$ ,
(10) $S(O, t)=1$ , $p(O, t)=p^{*}$ , $p(1, t)=0$ $(t>0)$
($p^{*}$ ) , $x=0$ ,
$x=1$ ( )
3 . 1 Buckley-Leverett
$p_{c}$ , (7) $-’(9)$ , Buckley-Leverett
, .. $_{t_{-}}^{arrow}$ ( , [2] [5] [9]
4,$\cdot$
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) (7), (9) ,
(11) $S_{f}+vf(S)_{x}=0$
(12) $v=-\lambda(S)p_{x}$
, (8) $v$ $x$ $t$
$N$ $x$
$\triangle x=1/N$ , $t$ ( ) $\triangle t_{n}$ $t_{n}=$
$\Sigma_{k=0}^{n-1}\triangle t_{k}$ , $S(j\triangle x, t_{n}),$ $v(t_{n})$ $S_{j^{n}}$ , ,
(13) $<v^{n}[ \triangle x\{\frac{1}{2}(\frac{1}{\lambda(s_{0}^{n})}+\frac{1}{\lambda(S_{N}^{n})})+\sum_{j=1}^{N-1}\frac{1}{\lambda(S_{j^{n}})}\}]=p^{*}$
(14) $\frac{S_{j}^{n+1}-S_{j^{n}}}{\triangle t_{n}}+v^{n}\frac{f(S_{j^{n}})-f(S_{j^{n}-1})}{\triangle x}=0$
$\triangle t_{n}$







(11) , $vf’(S)$ $f(S)$ ( 4)





















$S$ ((10) 1 )









4 . 1 Buckley-Leverett




$d(S)=- \frac{k_{w}(S)k_{o}(S)/\mu}{k_{w}(S)+k_{\text{ }}(S)/\mu}=-\frac{S^{2}(1-S)^{2}}{\mu S^{2}+(1-S)^{2}}$
, $S=0$ $S=1$ S-






, $t$ , $S$ $S(0, t)$ $S(1, t)$
, $\epsilon$ , $v$ ,
(15), (16) .v
$\frac{1}{\epsilon}S_{t}+(\frac{p^{*}}{\epsilon}-c)[\int_{0}^{1}\frac{dx}{\lambda(S)}]^{-1}f(S)_{x}-(d(S)S_{x})_{x}=0$
, . $t$ , $\epsilon\uparrow\infty,$ $p^{*}$ $p^{*}\downarrow 0,$ $\epsilon$
, $\epsilon$
,
(15), (16) , (13), (14) (16)
(15) , $v^{n}$
$\epsilon[d(\frac{S_{j^{n}+1}+S_{j^{n}}}{2})\frac{S_{j^{n}+1}-S_{j^{n}}}{\triangle x}-d(\frac{S_{j^{n}}+S_{j^{n}-1}}{2})\frac{S_{j^{n}}-S_{j^{n}-1}}{\triangle x}]/\triangle x$
$\mu=20,$ $p^{*}=1$ ,
9\sim 13 9\sim 11
, 12 13
, $\epsilon=0$ shock wave
, $\epsilon>0$ ,
, $S=0$
$\epsilon d(S)=\epsilon S^{2}$ , , S-
$S_{t}=(S^{2}S_{x})_{x}$ (porous media equation)
([7] )
, , $S_{j^{n}}$
9\sim 13 , 0.1, 0.1, 0.1, 0.05, 0.005
$S(\cdot, t)$ , $\epsilon$
, \langle ) ,








fingering instability $\mu>3$ , [2]
, $S(x, y)t)=\overline{S}(x, t)$ 2 (1
) ,
, $\mu>3$ , $\mu<3$
$\mu=3$ , ,
, ,




, 12 13 , $\epsilon$ ,
,
, (15), (16), (10)
(17) $vf(S)_{x}-\epsilon(d(S)S_{x})_{x}=0$
(18) $v \int_{0}^{1}\frac{dx}{\lambda(S)}=p^{*}-c\epsilon$
(19) $S(O)=1$ , $S(1)=0$
$S(x)$ $v$ , $p$







, $S(x)=_{:}0(\cdot’$ $S(X^{-})=(3 \frac{\mu}{\epsilon}v,x)^{1\cdot/3}+1$
, ,
(20) $S(x)= \max\{(3\frac{\mu}{\epsilon}vx)^{1/3}+1, .0\}$
, (19) 2 ,
(21) $v \leq-\frac{\epsilon}{3\mu}$
(20) (18) , $v$
(22) $v-(p^{*}- c\epsilon)[\int_{0}^{1}\frac{dx}{\lambda(\max\{(3\frac{\mu}{\epsilon}vx)^{1/3}+1,0\})}]^{-1}=0$
, (21), (22) $v$
, $v$
, , , , 9\sim
13 , (22) ,
, 12 13
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9 ($\epsilon=0$ , 0.1 )




11 ($\epsilon=1$ , 0.1 )
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12 ( $\epsilon=10$ , 0.05 )
13 ($\epsilon=100$ , ’0.005 )
12
